Aims. We present a variability study of a sample of bright γ-ray (30 MeV -50 GeV ) sources. This sample is an extension of the first AGILE catalogue of γ-ray sources (1AGL), obtained using the complete set of AGILE observations in pointing mode performed during a 2.3 year period from July 9, 2007 until October 30, 2009. Methods. The dataset of AGILE pointed observations covers a long time interval and its γ-ray data archive is useful for monitoring studies of medium-to-high brightness γ-ray sources. In the analysis reported here, we used data obtained with an improved event filter that covers a wider field of view, on a much larger (about 27.5 months) dataset, integrating data on observation block time scales, which mostly range from a few days to thirty days. Results. The data processing resulted in a better characterized source list than 1AGL was, and includes 54 sources, 7 of which are new high galactic latitude (|BII| ≥ 5) sources, 8 are new sources on the galactic plane, and 20 sources from the previous catalogue with revised positions. Eight 1AGL sources (2 high-latitude and 6 on the galactic plane) were not detected in the final processing either because of low OB exposure and/or due to their position in complex galactic regions. We report the results in a catalogue of all the detections obtained in each single OB, including the variability results for each of these sources. In particular, we found that 12 sources out of 42 or 11 out of 53 are variable, depending on the variability index used, where 42 and 53 are the number of sources for which these indices could be calculated. Seven of the 11 variable sources are blazars, the others are Crab pulsar+nebula, LS I +61
Introduction
The Astrorivelatore Gamma ad Immagini LEggero (AGILE) (Tavani et al. 2008; Tavani et al. 2009a ) is a mission of the Italian Space Agency (ASI) dedicated to γ-ray and hard X-ray astrophysics in the 30 MeV -50 GeV and 18 -60 keV energy ranges, launched on April 23 2007.
AGILE is the first γ-ray mission to operate in space after the end of the EGRET (Thompson et al. 1993 ) observations, and has been the only mission entirely dedicated to highenergy astrophysics above 30 MeV until 2008. On 11 June 2008, the Fermi Gamma-Ray Space Telescope (Michelson 2008; Atwood et al. 2009 ) was launched, which is operating concurrently with AGILE. The AGILE spacecraft had operated in fixed-pointing mode since launch until October 2009, completing 101 pointings or observation blocks (OBs). Then, due to a failure of the spacecraft reaction wheel, the attitude control sys-tem was reconfigured and the scientific mode of operation was changed to spinning mode. Currently, the instrument pointing direction scans the sky with an angular velocity of about 0.8
• /s, resulting in an exposure of about 7 × 10 6 cm 2 s for about 70% of the sky in one day. The best γ-ray sensitivity of AGILE is in the 100 MeV -1 GeV energy band.
The first AGILE catalogue of high-confidence γ-ray sources (1AGLs; Pittori et al. 2009 ) included a significance-limited (4 σ) sample of 47 sources, obtained with a conservative data analysis of the first-year inhomogeneous AGILE dataset. The second Fermi catalogue (2FGLs; Nolan et al. 2012 ) increased the number of known γ-ray sources to about 2000, with the established main classes of active galactic nuclei (AGN), pulsars (PSRs) and pulsar wind nebulae. Since the third EGRET source catalogue (3EG; Hartman et al. 1999) , γ-ray source flux variability on a 15-day time scale has been an important criterion for selecting candidates for multi-wavelength campaigns (for example, Romero et al. 1999; Torres et al. 2001 ; Paredes et al. 2005 ).
2FGL reported variability indices for each source over a monthly time scale.
We decided to study the flux variations of a sample of about 60 of the brightest sources over the OB time scale in the pointing mode phase, when the AGILE-GRID sensitivity was higher (the exposure efficiency per single source was 0.6 while that of Fermi/LAT is about 0.16, see Morselli et al. 2013) .
In this paper we present the results of the variability study of a sample of 54 sources selected as a revision of the 1AGL, separately analysing each OB included in the 2.3 year dataset of AGILE pointed observations (see also Verrecchia et al. 2011 ). The source sample was obtained with a preliminary revision of the 1AGL sources on the maps obtained from the merging of data from the whole dataset (deep maps hereafter). We used a much larger dataset than for 1AGL and data from the latest event filter (FM3.119, also known as FM; Bulgarelli et al., 2009, 2010 and Bulgarelli et al., in prep.; Chen et al. 2011b and Chen et al., 2013 , which covers a wider field of view (FoV), which allowed us to obtain a more uniform sensitivity over most of the sky despite the pointing strategy choosen in that phase; the mean effective exposure is ∼ 1800 Ms (see Fig. 1 ). We describe the AGILE-GRID performances and the OB data archive in Sections 2 and 3, the data analysis procedure in Section 4, and the variability analysis in Section 5. In Section 6 we present the results obtained, both the variability results and the catalogue of all detections in all OBs. We then discuss the results and report some final considerations in Section 7.
AGILE-GRID characteristics and calibration
The AGILE scientific payload consists of a silicon tracker imaging detector (Barbiellini et al. 2001 (Barbiellini et al. , 2002 Prest et al. 2003) , a CsI(Tl) mini-calorimeter detector (Labanti et al. 2006 (Labanti et al. , 2009 , and an anti-coincidence system (Perotti et al. 2006) , which together form the Gamma-Ray Imaging Detector (GRID). It also features the X-ray coded mask silicon imaging detector SuperAGILE (Feroci et al. 2007) . GRID is sensitive to photon energies in the 30 MeV -50 GeV energy band, with a wide FoV (2.5 sr in pointing mode) and accurate timing (2 µs), positional, and attitude information (15 ′ location accuracy for > 10 σ detection).
The GRID calibration has been updated since the launch (Pittori et al. 2009; Bulgarelli et al. 2010; Cattaneo et al. 2011; Cattaneo et al. 2012; Chen et al. 2012) . The GRID instrument energy-dependent point spread function (PSF), derived from inflight calibrations, has a full-width at half-maximum (FWHM) of approximately 3.5
• at 100 MeV and 0.7
• at 1 GeV . The effective area is about 500 cm 2 at 300 MeV, depending on the event filter. Both GRID PSF and effective area have a very good off-axis performance and are well calibrated up to 60
• , showing very smooth variations with the angle relative to the instrument axis. The version of the response matrices used in this analysis (I0010) was developed through the analysis of in-flight data to introduce flux corrections to improve the spectral response, taking into account the energy dispersion. They were created by comparing the fluxes obtained with the AGILE likelihood analysis of the Vela pulsar in each energy bin, with those expected from the fluxes and spectra reported in the first Fermi catalogue (Chen et al. 2012 (Chen et al. , 2013 .
The FM filter has a FoV of ∼ 60 • radius, which is different from the F4 filter used for the 1AGL, which was optimized only up to off-axis angles of ∼ 40
• radius. The data analysis used the AGILE diffuse emission model (Giuliani et al. 2004 ) for diffuse γ-ray background as for the 1AGL, which substantially improves upon the previous one used by EGRET. It was obtained by using state-of-theart maps of neutral hydrogen (Kalberla et al. 2005 ) and CO (Dame et al. 2001 ).
OB data archive
The AGILE baseline pointing plan during the pointing mode phase was defined before the beginning of each year's announcement of opportunity cycle to reach the goals that maximize the scientific output of the mission. The AGILE Data Center (ADC), part of the ASI Science Data Center (ASDC) in Frascati, Italy 1 , is responsible for data reduction and scientific processing to create the official standard OB level-2 (LV2) data archive and distribute it to guest observers (GOs) or, when data become public, to the scientific community.
Raw data are routinely archived, transformed in FITS format (Trifoglio et al. 2008) , and then processed using the official scientific data reduction and analysis software tasks (Bulgarelli et al. 2009; Chen et al. 2011b) , which are integrated into an automatic quick-look (QL) pipeline system. The QL procedures perform data analysis on 1-, 2-, 3-, and 7-day time scales, including an automatic source detection and alert system (Bulgarelli et al. 2008 ). The final AGILE-GRID archive is created at the ADC after executing the OB standard analysis pipeline system. Both pipelines execute the event filter (based on a Kalman filter technique) for track identification, event direction, and energy reconstruction (Pittori & Tavani 2002; Giuliani et al. 2006) 2 . The official OB pointing mode archive was built after removing data corresponding to slews and occasional losses of fine-pointing attitude, and it includes LV2 products, the spacecraft (LOG) and event (EVT) files, and the level-3 (LV3) counts, exposure and diffuse model maps. The OB LV3 maps used in this analysis were created in the E > 100 MeV energy band, with a bin of 0.25
• × 0.25
• , selecting events within 60
• of the mean OB pointing direction and excluding photons 1 http://agile.asdc.asi.it 2 More details on the ADC organization and tasks will be given in a future publication (Pittori et al. in preparation) .
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• from the reconstructed satellite-Earth vector, to reduce γ-ray Earth-albedo contamination. This archive was created using the latest official version of the standard software and instrument response functions available at the time of the analysis 3 . The complete pointing mode OB archive 4 is composed of 101 datasets with non-uniform exposures (from 1 to 45 days). We analysed the scientifically validated data archive that covers 2.3 years with 96 OBs (see Table 1 ), not including the first 5 OBs of the commissioning phase.
OB data analysis procedure
The procedure developed for the source analysis on the whole archive is based on point source detection at fixed preselected positions. The AGILE multi-source analysis task (ALIKE, Bulgarelli et al. 2009; Chen et al. 2011b ), which we used to derive the best estimates of point source parameters, i.e. source significance, γ-ray flux, Galactic coordinates, and 95% confidence level (c.l.), is based on the maximum likelihood (ML) method. The ML method, used in previous γ-ray data analysis and for all recent AGILE and Fermi imaging results (see for instance Bulgarelli et al. 2012a; Bulgarelli et al. 2012b; Nolan et al. 2012) , compares measured counts in each pixel with the predicted counts derived from a γ-ray model composed of the Galactic diffuse model (see Section 2), an isotropic diffuse component, and point sources modelled according to the instrument PSF. To reduce systematic errors that arise because the data were taken far away from the source, only data within a circle of a given radius around each source were used. The significance of a source detection is given by the test statistic TS, defined as the likelihood ratio, that is expected to behave as χ 2 1 in the null hypothesis for one single parameter that is to be optimized, i.e. the source flux. When m parameters must be optimized, the TS behaves as χ 2 m .
We divide the procedure in three main steps: 1) the preliminary reanalysis of the 1AGL catalogue, mainly in complex Galactic plane regions, based on LV3 deep maps from the merging of all data in the OB archive, more recent AGILE results and including some high-latitude (|BII| > 10 • ) sources detected in QL automatic procedures on a weekly time scale. The creation of the updated source list for next step; 2) the execution of a procedure based on the AGILE multisource ML task on each OB LV3 map, first allowing source fluxes to vary while keeping source positions fixed, then allowing the source positions to vary; 3) the revision of the source list, taking into account the new results at fixed positions, for example when a source √ T S is significantly changed (increased or decreased). The 95% c.l. contour obtained leaving the source position free was also checked to verify that contours of transient sources did not overlap the nearest source position.
where we used the √ T S defined above as detection significance parameter.
The reanalysis of the 1AGL source positioning in step 1) is described in Section 4.1, followed by a description of step 2) in Section 4.2 and step 3) in Section 5.
4.1. Revision of the First AGILE-GRID catalogue based on the 2.3 yr dataset
The first AGILE catalogue (Pittori et al. 2009 ) was built using data collected during the first year of operations (July 2007 -June 2008 , which includes half of cycle-1 of the AGILE GO program. The data analysis based on the conservative F4 filter, and the non-uniform sensitivity due to the inhomogeneous sky coverage during AGILE first year, limited the results in complex Galactic regions. We reanalyzed 1AGL sources in the Galactic plane regions, such as the Carina, LS I +61
• 303, Cygnus, Crux, and near the Galactic center, using the updated E > 100 MeV deep maps obtained from the merging of data up to October 2009 ( Fig. 1) processed with the FM event filter. These maps were created using the event selections described in Section 3, using both 0.05
• × 0.05
We then built an updated reference list with improved source positions in these regions. We use the abbreviation "1AGLR" for the repositioned and new sources. First, we reanalyzed the low-significance (3 ≤ √ T S ≤ 4) detections from the 1AGL processing in the Carina (283
and Scutum-Sagittarius (6 • < LII < 36 • ) regions, as well as four high-latitude detections at √ T S ≥ 4 not included in the catalogue (three of which are included in the final source list: 1AGLR J0135+4759, 1AGLR J0222+4305, 1AGLR J0321+4137). We then reanalyzed sources from more recently refined AGILE results in the Galactic plane (Tavani et al. 2009b (Tavani et al. , 2009c Sabatini et al. 2010; Giuliani et al. 2010; Bulgarelli et al. 2012a; Piano et al. 2012 ).
We performed an ML multi-source analysis on the updated deep maps for these sources, to obtain the average fluxes used in the subsequent individual OB analyses. Two examples of source repositioning are shown in Fig. 2 : a simple case for the highlatitude source 1AGLR J1848+6709 and a complex case for the Carina region. For this last case new source positions obtained in the ML analysis where source positions were allowed to vary, the 95% c.l. contour radii for the sources for which they were closed and their √ T S deep values are reported in Table 2 . Two of these sources, 1AGLR J1022-5825 and 1AGLR J1107-6115, have been included in the list although they do not have a 95% c.l. contour from the ML analysis on deep maps. In these cases an additional √ T S deep value is shown, marked with an asterisk ( √ T S * deep hereafter); the value was obtained by keeping source position fixed.
We included 1AGLR J1022-5825 because it is only slightly repositioned with respect to 1AGL J1022-5822, whose error radius did not include the new sources (1AGLR J1018-5852, 1AGLR J1022-5751 and AGL J1029-5836), however, and also because it is significant on a single OB (7800) map. It was possible to obtain a detection at √ T S =4.4 on this OB, with an acceptable 95% c.l. contour, when allowing the source position to vary. Moreover, by executing an ML analysis on deep maps, keeping its position and the parameters of all nearby sources fixed, we obtained √ T S deep = 4.0. 1AGLR J1107-6115 was analogously included because of √ T S * deep ≥ 4 obtained with the deep maps at fixed position, and √ T S ≥ 4 in some OBs with an ML analysis with the parameters of all nearby sources (and of the diffuse emission) fixed. AGL J1029-5836 and AGL J1045-5736 (a repositioning of 1AGL J1043-5749), which have a √ T S deep above 5, were instead not significant over the OB time scale, and so do not appear in the final We also included seven sources detected in the QL processing on a weekly time scale with √ T S > 4 at medium-high galactic latitude (|BII| > 5
• ) to verify their significance on the nonuniform OB time scale. Only four of these were detected in our final processing and are included in the final source list described in Section 6 (they are 1AGLR J1625-2531, 1AGLR J1803-3941, 1AGLR J1833-2057, 1AGLR J2030-0617). The results from the QL processing on various time scales will be reported elsewhere.
We compared the results of each run with the input reference source list, revising it if needed. We took into account the 95% c.l. contours and the √ T S , to check in detail candidate sources at fluxes ∼ 3.0 ×10 −7 ph cm −2 s −1 in the Carina, LS I +61
• 303, Scutum and 1AGLR J1625-2531 regions. This review resulted in the final version of the list, which includes 90 candidate sources. This source list was used as input in the following step.
A better characterization of complex Galactic regions will be reported in a future catalogue, implementing a new automatic source blind search.
Analysis of individual OBs
The ALIKE task is an iterative procedure that evaluates all the ML parameters that are left free to vary for each source in the input source list. We decided to fix the positions of all sources to reduce the number of parameters evaluated by the ALIKE task during the ML analysis in each single OB. This reduces the task running-time and can improve the precision of the results (see Bulgarelli et al. 2012b) . For the same reason, we also fixed the spectral indices to -2.1 for all sources except for the five wellknown bright pulsars Geminga, Crab, Vela, 1AGL J1709-4428, and 1AGLR J2021+3653 (fixed to -1.66, -2.2, -1.69, -1.86 and -1.86, from 3EG; Hartman et al. 1999; Chen et al. 2012 ), for 1AGLR J0007+7307, 1AGLR J2031+4130 and 1AGL J1836+5923 (fixed to -1.85, -1.84 and -1.65, from 3EG and Bulgarelli et al. 2008 , 2012a , for the high-mass X-ray binaries (HMXBs) LS I +61
• 303 and Cyg X-3 (fixed to -2.21 and -2.0 from 3EG and Bulgarelli et al. 2012a ) and the supernova remnants (SNRs) W28, IC443 and W44 (fixed to -1.8, -2.01 and -1.93 from Giuliani et al. 2010, and 3EG respectively) . These values are compatible with the 2FGL ones at the AGILE spectral resolution. In this analysis we used the ML task AG multi2 included in the AGILE BUILD GRID SCI 20 package and a circle of radius 10
• for the ML analysis. Fig. 2 . Intensity maps of two 1AGL field refinements. In the first panel a simple case is shown, the high-latitude source 1AGL J1846+6714 repositioned to 1AGLR J1848+6709. The new smaller error circle is indicated in green inside the 1AGL circle, while the 2FGL J1849.4+6706 error ellipse is plotted in cyan. In the second panel a complex case is shown, the Carina region. New sources and new positions for 1AGL sources are indicated with a green circle, except for two sources for which no 95% c.l. contour has been obtained; their positions are indicated with crosses. The 1AGL error circles are indicated in black, the 2FGL error ellipses in cyan.
To improve the reference list (in conjunction with the creation of a reprocessed OB archive with a new software version), in particular the multi-source detection in complex regions, all steps of the analysis were repeated five times. Finally, we selected the results obtained with the last processing with source positions kept fixed to the last version of the reference source list (see Section 5). Our goal was to refine multi-source detection in complex regions and add some high-latitude source, therefore we did not execute any automatic source detection process.
Detection selection and variability analysis
To investigate the variability within the OB dataset for established sources on deep maps and search for flaring episodes of sources with mean low significance, we analyzed the results from the last execution (the fifth) of the ML multi-source procedure on sources in the input reference list according to their significance and whether or not a 95% location contour could be found. We chose sources with either 1) both a high-significance detection ( √ T S ≥ 4) from the deep map analysis and at least one OB detection with √ T S ≥ 3, or 2) at least one detection with √ T S ≥ 4 in a single OB. Moreover, we selected only sources with a 95% location contour from the deep map analysis (with a few exceptions, see section 4.1).
Then we checked each single OB detection with 3 ≤ √ T S < 4.5, inspecting the single OB intensity map and checking the size and shape of the source 95% c.l. contours from the ML at free position, if present, to verify whether it overlapped the nearest sources. We thus excluded eight sources from the final source list. All sources in the last version of the reference list that do not appear in the catalogue table were not significant in our analysis according to these criteria.
We used the method developed by McLaughlin et al. (1996) that was recently used in the analysis of 1AGL J2022+4032 data (Chen et al. 2011a ) to study the OB-scale γ-ray flux variability of the selected sources and report the results in the next section. We computed three versions of the variability index. To calculate the traditional index V, we computed the weighted mean flux, its error, and the χ 2 from the fluxes and errors in each OB. We evaluated the probability Q of having a value of χ 2 ≥ χ 2 observed for a source assumed to have constant flux, and then defined the variability index V = − log Q. Sources with V < 0.5 were classified as non-variable, with 0.5 ≤ V < 1 as uncertain, and with V ≥ 1 as variable. A high V may indicate either strong flux variations or weak flux variations detected with small flux errors. Moreover, sources with a very small number of detections may also have low V (Nolan et al. 2003) . We computed a second version of the variability index, V sys3σ , by adding a 10% systematic component to each of the flux errors, where the 10% figure is based on Monte Carlo simulations, pre-flight beam tests and in-flight analysis of known sources. Finally, we computed a third version, V sys2σ , of the V parameter as V sys3σ , which also included the flux measures with 2 ≤ √ T S ≤ 3, for which the ALIKE task produces a 95% c.l. flux upper limit (UL). In this case we set the flux errors to (F UL − F i )/2. The two indices, V sys3σ and V sys2σ , which take systematic errors into account, will tend to be lower than V, which takes into account only the statistical error. These indices serve as the reference ones in our variability analysis, where V sys2σ allows a larger detections sample for each source to provide some variability information for sources with few pointings. We excluded from the calculation of the indices the detections with a mean effective exposure lower than 9 × 10 6 cm 2 s, corresponding to a small number of detections in OBs with a few days duration executed during the verification phase (July-November 2007). We calculated a fourth variability index, F sys , similar to that used in the Fermi catalogues (Abdo et al. 2009; Abdo et al. 2010a ), defined as a χ 2 again including a 10% systematic error in the weights, to directly compare it with the Fermi 1FGL index. In our analysis each source has a different number of detections (N det ) and so this parameter is expected to behave as the χ 2 n distribution where the number of degrees of freedom (dof) is n = N det − 1. For this reason we considered the reduced F sys (Reduc.F sys = F sys /N do f ), and compared it with the 1FGL variability index divided by 10 (i.e. the number of dof in 1FGL), and similarly with the 2FGL variability index divided by 23. We discuss in Section 7 a possible comparison with the 2FGL index as well, which is instead based on an ML ratio test statistic.
Results: the catalogue and source variability
Applying our selection criteria, we obtained a sample of 54 distinct sources ( Fig. 3 ) with a total of 1209 OB detections. Eight 1AGL sources (2 high latitude and 6 on the galactic plane) were not detected in this processing either because of the low OB exposures and/or due to specific complex Galactic regions. We show information about the mean flux of these sources in Table  3 , as obtained in the 1AGL.
We describe in the following the variability results (listed in Table 4 ) and the light curves of bright pulsars and of some prominent sources. We compared the light curves of sources with a known counterpart with those in the most recent Fermi catalogue (Nolan et al. 2012) for the time period common to both catalogues. The non-uniform exposures among the OBs together with the pointing strategy put strong constraints on the variability analysis.
The source and detections table 5 , Table 5 , includes all the source flux measurements with √ T S ≥ 2 obtained for each of the 54 sources detected in this processing. In Table 5 we report the main parameters of the maximum √ T S detection for each source. These are the name, coordinates, the √ T S , the E > 100 MeV flux, the four variability indices described above and the number of detections, the confirmed counterparts and source class, if any, and other possible associations ordered according to the distance from the AGL source. We used the abbreviation 1AGLR for new sources and repositioned 1AGLs. Below this row a list with all the flux measurements in each OB is shown with the observation parameters MJD start/stop, the OB number, the OB √ T S , the E > 100 MeV flux or the ULs for 2 ≤ √ T S ≤3, and the off-axis angle. The flux errors are statistical only, i.e. the results of our analysis. The association column is populated with sources from well-known catalogues that fall within error circles of radii given by the 95% statistical plus the 0.1
• systematic, linearly added. In particular, sources from the 1AGL were the first included when present, then sources from the BZCAT (Massaro et al. 2008) , from 3EG and 2FGL. Associations from known radio (Rinsland et al. 1975; Gregory et al. 1996) , TeV (TEVCAT 6 ), SNR (Green 2009 ), PSR (Manchester et al. 2003) , and HMXB (Liu et al. 2006 ) catalogues were included for some sources without a previously confirmed counterpart (TeV emitting PWNs associated with bright pulsars are not shown).
Variability results
The V index distributions are given in Fig. 4 . They show that V values peak in the non-variable-uncertain ranges for all indices and that the V distribution is on average lower than the V sys2σ (average values for V and V sys2σ are 3.6 and 1.8), because of the obviously higher number of detections used for the V sys2σ . The V sys2σ and Reduc.F sys gave similar results, as expected (Fig. 4) , with a correlation factor 0.84. We then used this correlation to estimate a variability threshold for Reduc.F sys extrapolated from the V sys2σ threshold, considering the approximate intersection of the V sys2σ = 1 line with the linear correlation plot. We estimated two possible linear correlation whose steepest and faintest slope included all points, obtaining a range of the Reduc.F sys values at the intersection of 1.55-1.65, so we chose as threshold Reduc.F sys ≈ 1.6. Details on the variability results obtained for different source classes are given in Table 4 , for which we consider only sources with confirmed counterparts, except for 9 high-latitude sources associated with well known blazars also included as AGNs. The majority of variable sources are blazars according to all indices, the most variable one is 3C 454.3. The fraction of variable sources according to the V sys2σ index is 20%, and a similar result, 22%, is obtained according to V sys3σ . However, the F sys parameter and consequently V (which is based on the calculation of the χ 2 ), depend on the ratio between mean flux and the standard deviation, so it is expected to be more likely to classify faint sources (flux <3.0 × 10 −7 ph cm −2 s −1 ) or those near the Galactic plane as non-variable. Most of the unclassified sources are non-variable, but about half of the unclassified have an unconfirmed association with 2FGL pulsars.
Light curves of bright pulsars
The light curves of the Vela and Geminga pulsars are shown in Figs. 5 and 6, and that of the Crab pulsar + nebula in Fig. 7 . Vela and Geminga are the brightest among the non-variable sources. In all figures the mean off-axis angles and the √ T S in each OB are shown as well.
The weighted mean of the OB Vela fluxes is 86.8 ± 1.0 × 10 −7 ph cm −2 s −1 while the value from the updated deep maps is 88.2 ± 0.9 × 10 −7 ph cm −2 s −1 , which is ∼ 3.2 σ higher than the mean value from the first AGILE catalogue, 78.0± 3.2 × 10 −7 ph cm −2 s −1 , according to the 1AGL error. We did not overplot the new mean value estimated from deep maps because the variability study is based on the mean of the OB fluxes. This new value, which should be considered as the new reference one, is higher than the previous value primarily because of the new instrument response functions, which compensate for the effect of energy dispersion, as well as the new filter calibrated up to a high off-axis angle. We obtained V sys2σ = 0 and F sys = 1.87, with 13 dof and expect a constant source to produce a value of F sys ≤ 2.1 at 99% c.l..
A particular case is that of the Crab Nebula, which has recently been discovered to be a variable γ-ray source (see Tavani  et (upper panel), the √ T S (middle panel), and the off-axis angle (in degrees) as a function of time in MJD (lower panel) for detections with an off-axis angle lower than 50
• and exposures greater than 9 × 10 6 cm 2 s. The 1AGL flux value and the 1 σ error levels are shown as magenta line and black dashed lines, while the weighted mean flux and its 1 σ error levels are shown in orange (solid and dash-dotted lines).
we plot the Geminga light curve and its weighted mean OB flux value, 36.4± 0.9 × 10 −7 ph cm −2 s −1 , is shown. In calculated excluding seven OB during the 2007 flare (in the interval 54368-54396). We obtained V sys2σ = 0.4 for Geminga and V sys2σ = 3.4 for Crab. If we remove the 2007 flare peak from the Crab light curve we obtain V sys2σ = 0.8, while if we remove all seven OB that cover the flare period that was excluded for the mean value estimate, we obtain V sys2σ = 0.1, a non-variable value.
Long-term light curves of some prominent sources
We report here four long-term light curves, in the E >100 MeV band, obtained for sources classified as variable, non-variable and a particular case of an uncertain one. We show in Figs. 8 and 9 the results for the two known blazars 3C 454.3 and PKS 1830-211. Light curves are shown including source detections with flux errors at 1σ, not including any systematic error. Fig. 8 shows the strong variability in the 3C454.3 flux even at the OB time scale, and in particular the decreasing trend reported in Vercellone et al. (2010) . This source has the strongest variability index V sys2σ = 52.3. This confirms what was expected in Vercellone et al. (2004) , a study of EGRET blazar activity and duty-cycle evaluation, which was based on a differently defined variability index.
1AGLR J1833-2057, associated to PKS 1830-211, is instead one of the fifteen new sources not included in 1AGL. Its light curve shows a detection in the period of the October 2009 flare (Striani et al. 2009) , with a flux of (3.2 ± 0.8) × 10 −7 ph cm −2 s −1 , compatible with the one-week average flux (4.0 × 10 −7 ph cm −2 s −1 ) reported in Donnarumma et al. (2011) , based on data of the OB 8300 only, and shown to be three times weaker than the peak flare flux. This source is classified as non-variable according to all parameters, however, because of the flux averaging over the OB time scale. Other detec- tions have been obtained, the most significant one in September 2008. This detection showed some source activity one year before the October 2009 flare, with a time scale between the two events similar to that between the 2009 and the following 2010 flare, which was also detected by Fermi (see discussion in Donnarumma et al. 2011) .
In Fig. 10 we show the 1AGLR J2021+4030 light curve, a source that falls in the γ Cygni SNR region. The 1AGLR J2021+4030 variability on six-day time scale on pointing data (up to August 2009) was extensively discussed in Chen et al. (2011a) , where values of 3.88 and 2.18 in E > 100 MeV were found for V and V sys2σ , respectively, while low variability was detected at E > 400MeV. The corresponding values in this pa- per are 5.9 and 2.70 and the light curve is compatible with that therein. 1AGLR J2021+4030 field is complex and there could be contribution to the variability from other γ-ray sources, that are possibly transient, in addition to LAT PSR J2021+4026 (see Chen et al. 2011a , for more details). Here we show the 1-2-day γ-ray flare times in the Pointing mode interval described there. Our detections correspond to the reported activity periods, and moreover a flux UL at √ T S = 2.7 (MJD=54591.5) is compatible with a short dip in the BAT hard X-ray light curve. We performed an additional ML analysis on a three-day time scale that found an additional low-significance ( √ T S = 4) short time scale γ-ray emission enhancement not included in Piano et al. (2012) , which in fact reported the γ-ray activity on the 1-2-day time scale. Again our flux variations are averaged on longer time intervals, so that this source is only classified as uncertain in this analysis.
Discussion and conclusions
We reported the results of a variability analysis in the E > 100 MeV band of a catalogue of 54 sources obtained as an update of the 1AGL using the complete AGILE pointing mode OB archive. The new source list includes seven previously undetected sources with AGN counterparts and eight at low latitudes, while eight 1AGL sources were not detected in this analysis, two of which are at high latitude (1AGL J0657+4554 and 1AGL J1223+2851/WComae) and six are on the Galactic plane (1AGL J1044-5750, 1AGL J1412-6150, 1AGL J1746-3017, 1AGL J1815-1732, 1AGL J1901+0430, 1AGL J1923+1404).
We carried out the variability study by applying an ML analysis in each single OB without implementing any blind search for transient sources, among OBs with different exposure times.
This ML variability analysis, as discussed in Section 5, is known to be inadequate for the variability indices used (Nolan et al. 2003) ; however, the revised indices allowed us to distinguish variable from non-variable sources. All four variability indices defined in our analysis show that the majority of variable sources are blazars, consistent with the γ-ray source variability studies included in the first (1FGL) and second (2FGL) Fermi source catalogues.
A comparison with the 1FGL and 2FGL variability indices is shown in Fig. 12 . The index from the 1FGL is a χ 2 statistic calculated in the same manner as F sys , while the 2FGL statistic is an ML ratio test statistic, defined in Nolan et al. (2012) , which is distributed according to the χ 2 23 distribution in the null hypothesis of a constant source.
We associated our source list with those of 1FGL and 2FGL by a simple spatial cross-matching with radius 30 ′ , yielding 46 and 49 sources in common, respectively. We used the Reduc.F sys parameter because each source is detected in a different number of OBs (see Section 5).
For each source we defined a specific threshold for flux variability at 99% c.l. (as in Abdo et al. 2010a; Nolan et al. 2012) using the appropriate χ 2 n distribution for n dof. Thresholds range from 1.67 for a source with 31 detections to 6.2 for one with two detections, while the 1FGL and 2FGL thresholds are 2.32 and 1.81, respectively. Twelve sources out of 54 have fewer than five detections. Sources with a Reduc.F sys higher than their own threshold (Reduc.F sys > χ 2 thres /N do f ) are flagged as variable in the plot. We found that all of the AGILE variable sources, seven sources, are also variable in 1FGL except for two, the Crab and 1AGLR J2021+4030, while in 2FGL only 1AGLR J2021+4030 remains non-variable. The Crab case is clear: the AGILE pointing dataset included the very intense 2007 flare, with a peak flux three times the 1AGL mean flux, whose evolution is shown in various consecutive short-duration OBs (see Table 1 ′ , where colours correspond to source classes, blue for AGNs, black for HMXBs, red for PSRs, green for SNRs, light-blue for the unclassified ones, and orange for the three Special Cases Crab nebula + pulsar, 1AGLR J2021+4030 (γ Cygni region) and 1AGLR J1044-5944 (Eta Carinae). Markers correspond to AGILE variability type according to Reduc.F sys , i.e. circles for nonvariable and triangles for variable. The lower plot is obtained with association to the 2FGL catalogue with the same radius and shows the 2FGL index divided by 23. The black horizontal lines are the 1FGL and 2FGL variability thresholds, 2.32 and 1.81, while the dashed vertical lines correspond to the approximately extrapolated threshold (1.6) for the AGILE variability Reduc.F sys parameter obtained from the correlation with the V sys2σ parameter. mean flux with a smaller error. As discussed in Section 6.3, the variable emission from 1AGLR J2021+4030 might be generated by the contribution from other sources apart from the pulsar.
Sources in the plots are divided into five main classes: AGN, PSRs, HMXBs, SNRs, and unclassified sources, while three particular cases are labelled separately (Crab PSR + nebula, 1AGLR J2021+4030 and 1AGLR J1044-5944). Only sources with confirmed (based on 1AGL and later AGILE results) counterparts were included in the specific classes, except for 9 highlatitude sources associated to well known blazar counterparts included as AGNs.
A good correlation with the 1FGL parameter is obtained for AGN whose diffuse γ-ray background is low, with a correlation factor of 0.98, which is expected for this class, taking into account their broad flux distribution and that at low fluxes (≤ 3.0 × 10 −7 ph cm −2 s −1 for a typical AGN variability of 1-3 days) AGILE cannot detect variability. Lower correlation factors are obtained for PSRs and unclassified (0.01 and 0.05). The correlation factor considering all sources together is 0.98. The PSRs are all non-variable except for the two particular cases discussed above.
Lower values were also obtained for the correlation of Reduc.F sys with the 2FGL index (0.88 for AGN, -0.28, 0.08 for PSRs and unclassified, while the value including all sources is 0.89), for AGN due also to 3C 273, whose variability index increased by a factor 4 from 1FGL to 2FGL (excluding it, the correlation factor for AGN is 0.97) and to 1AGLR J1625-2531 which became variable in 2FGL with an increase of a factor 10 in the variability index. We note the presence of an unclassified source within the AGN group in both plots. This is 1AGLR J2016+3644, a source within the Cygnus region that is nonvariable according to Reduc.F sys (and also V sys2σ = 0.2), whose nearest Fermi sources are the unclassified 1FGL J2015.7+3708 (at 25 ′ ), 2FGL J2015.6+3709/MG2 J201534+3710 (at 27 ′ ), classified as a blazar of uncertain type, 2FGL J2018.0+3626 (unassociated, at 27 ′ ) and the SNR G74.9+1.2 (28 ′ ). All sources are slightly outside the 1AGLR J2016+3644 error circle, however. The comparison with the vertical dashed lines, the threshold at 1.6, shows that some sources marked with circles could be variable according to V sys2σ , as confirmed by the exact numbers in Table 4 . For instance, eight AGNs are variables according to V sys2σ and ten blue points are rightward of the dashed line, while there are only five triangles.
The inhomogeneous exposure times among the OBs diminish the capability of studying the source variability in our data analysis; for this reason a similar analysis on the one-week time scale on the same pointing data archive would be useful to better classify the source variability, and will be reported in a future work. Tavani, M., Barbiellini, G., Argan, A., et al., for the AGILE Collaboration, 2009a , A&A, 502, 995 Tavani, M., Sabatini, S., Pian, E., et al., 2009b , ApJ, 698, L142 Tavani, M., Bulgarelli, A., Piano, G., et al., 2009c , Natur, 462, 620 Tavani, M.,Giuliani, A., Chen, A.W., et al., 2010 Table 5 . Continued. Column descriptions are provided at the end of the table.
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